The new incretin-based therapies, dipeptidyl peptidase-4 (DPP4) inhibitors and glucagon like peptide 1 (GLP1) receptor agonists are widely used for the treatment of type 2 diabetes because of their glucose-lowering capacity with low risk of hypoglycemia. As they are weight neutral or induce weight loss in this mostly overweight population, they are popular among clinicians and patients alike. Nonetheless, concerns have been raised about GLP1's trophic effects. While increased b cell mass observed in rodents sounds appealing for treatment of diabetes, there was also an increased incidence of medullary thyroid cancer (MTC) in some species. We reviewed literature available in the Medline database until March 2012. Safety signals have emerged for MTC and pancreatic carcinoma from adverse event databases in the United States and Europe. Considering the relatively short duration of these studies, it is more likely that premalignant lesions are stimulated in presence of GLP1, rather than new neoplasms induced. Moreover, interpreting results of animal studies is difficult because of species-specific differences in presence and density of GLP1 receptors. Furthermore, data are emerging suggesting beneficial effects of GLP1 on colon and breast cancer. In conclusion, presently, the benefits of using DPP4 inhibitors or GLP1 receptor agonists for treatment of type 2 diabetes outweigh the risks. Nonetheless, their safety profile should be monitored and their indications should be widened cautiously. At present they remain contra-indicated in patients with a personal or family history of MTC or multiple endocrine neoplasia type 2.
Introduction
Type 2 diabetes mellitus is a relentless chronic disease, characterized by insulin resistance and deficient insulin secretion leading to hyperglycemia, which is the hallmark of the condition. Driven by the obesity epidemic, there has been a continuous rise in the prevalence of type 2 diabetes throughout the world. With the current estimate of more than 350 million patients worldwide (IDF Diabetes atlas, http://www. idf.org/diabetesatlas/5e/diabetes, accessed 23 March 2012), it is considered to be one of the major health challenges of the 21st century. Diabetes associated comorbidities are putting an important strain on the already stretched health care budgets of western and developing countries and despite a broad therapeutic arsenal to treat hyperglycemia, diabetes remains the most frequent cause of blindness, amputations, and dialysis worldwide (IDF Diabetes atlas). It is obvious that the scientific world is keen to provide new therapeutic strategies, and recently a new class of drugs has reached the market. They are all based on the so-called incretin effect, known since the early 1900s (Bayliss & Starling 1902 , Moore 1906 see below) .
This class of drugs works by either increasing the concentration of the endogenous incretins by preventing deactivation by dipeptidyl peptidase-4 (DPP4) inhibitors (Ahren et al. 2002) or by mimicking the incretins biochemically (glucagon like peptide 1 (GLP1) receptor agonists) while being protected from DPP4 deactivation (Fineman et al. 2003) . Of the latter, homologues (exenatide) and analogues (liraglutide) are clinically available at this time.
Both DPP4 inhibitors and GLP1 receptor agonists are appealing therapies because of their glucose-lowering capacity with low risk of inducing hypoglycemia. In addition, they have an excellent metabolic safety profile and are weight neutral or induce weight loss.
However, as with any new class of drugs, caution is warranted. In particular, because these drugs will be used by patients for many years due to the chronicity of type 2 diabetes. But there is more. GLP1 receptor activation directly promotes cell proliferation and enhances cell survival in several tissues including b-cells, neurons, fibroblasts, and cardiomyocytes (Brubaker & Drucker 2004) . Therefore, there is a theoretical possibility of inducing neoplasms.
In this article, we address the potential link between the incretins, in particular GLP1, and neoplasms and discuss the available evidence.
The incretin effect and its therapeutic application
The concept that oral nutrient (glucose) intake promotes a much greater degree of insulin secretion compared with a parenteral isoglycemic glucose infusion dates from the beginning of last century and is called the incretin effect (Bayliss & Starling 1902 , Moore 1906 . It was in the 1980s that the gastrointestinal hormones involved were identified and called incretins (Ghiglione et al. 1984 , Nauck et al. 1989 ). GLP1 and gastric inhibitory peptide (GIP) are the most important incretins. They enhance the postprandial insulin secretion and inhibit glucagon secretion, thus maintaining glucose homeostasis following a meal (Kreymann et al. 1987) . GLP1 and GIP also delay gastric emptying (Imeryuz et al. 1997) and reduce food intake (Baggio & Drucker 2004) , which explains the positive effect of incretin mimetics and DPP4 inhibitors on weight. The incretins have also been shown to have a trophic effect on b cell mass (Xu et al. 1999) . In addition, a wide range of cardiovascular benefits have been claimed, such as lowering of blood pressure and postprandial lipids (Ban et al. 2009 ). Finally, reduction in markers of inflammation and oxidative stress has been reported (Kodera et al. 2011) .
In physiological circumstances, GLP1 and GIP have an extremely short half-life as they are almost immediately inactivated by the enzyme DPP4 (Kieffer et al. 1995) . Pharmaceutical industry has circumvented this issue by developing small molecules that are inhibitors of this enzyme (DPP4 inhibitors, orally active), thus increasing the levels of the subject's own incretins. Levels are still following the physiological profile, with lower levels when fasting and peaks after meals. Moreover, the highest levels are detected in the portal circulation (Hjollund et al. 2011) . The second path industry has taken till now, is the introduction of GLP1 homologues (exenatide and lixisenatide) or analogues (liraglutide, dulaglutide, and albiglutide). These molecules are peptides (which precludes oral administration) that are partially resistant to the degradation by DPP4 enzymes, and further prolong their presence in blood by slower renal elimination. These products are administered once or twice daily, but through galenic innovations also more protracted release forms have been made (once weekly or once monthly exenatide). After injection of these products, GLP1 levels are increased to much higher levels than those observed with DPP4 inhibitors and the levels stay high, even in fasting circumstances. Moreover, these high levels are also present in the peripheral circulation (Agerso et al. 2002) .
The elevation of circulating incretin concentrations is a desired effect in patients with type 2 diabetes as it restores the incretin effect that has been shown to be blunted in type 2 diabetes (Vilsboll et al. 2001) . Nonetheless, incretins are present throughout the human body and are believed to play a role in numerous physiological processes. Therefore, interfering with their levels might have off-target effects. In order to limit the extent of this review, we chose to discuss potential effect of GLP1 level altering therapies, as this is the most relevant in today's clinical setting.
GLP1: an ubiquitous hormone/neuropeptide
GLP1 is released postprandially from the L-cells in the intestine, mainly in the distal ileum and colon (Sjolund et al. 1983) .
The main effects of GLP1 are mediated by GLP1 receptors in the pancreas, intestine, stomach, and the sensory and central nervous systems, heart, pituitary, lung, and kidney (Bullock et al. 1996) . GLP1 binds to its specific G-protein coupled receptor, which activates downstream pathways including cAMP/protein kinase A (PKA), cAMP/guanine-nucleotide exchange factor (Epac) or phosphatidylinositol-3 kinase/PKC pathways (Gromada et al. 1998 , Kang et al. 2003 , MacDonald et al. 2003  see Fig. 1 ).
In the b cell, GLP1 receptor activation accelerates glycolytic and mitochondrial metabolism of glucose while also rendering K-ATP channels more sensitive to the increase of ATP/ADP concentration ratio generated by the intracellular metabolism of glucose. The closure of the ATP-sensitive K C channels leads to depolarization of the b cell and the subsequent influx of R Vangoitsenhoven et al.: GLP1 and cancer: friend or foe?
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calcium results in exocytosis of insulin. In other words, GLP1 augments glucose-induced membrane depolarization and therefore enhances insulin secretion in a glucose-dependent manner.
In the a-cell, GLP1 receptor activation inhibits glucagon secretion. In combination with enhanced insulin secretion this decrease of glucagon leads to an improvement of glucose homeostasis, in particular in patients with type 2 diabetes. As stated above, DPP4 inhibitors and GLP1 receptor agonists are weight neutral or even lead to weight loss, which sets them apart from almost all other available drugs for the treatment of diabetes, with the exception of the biguanides and acarbose. All of the above characteristics explain the commercial success of this relatively new class of drugs.
But GLP1 seems to have much wider effects on the function and survival of cells that express its receptor. In vitro, insulin-gene transcription is stimulated while cell apoptosis is inhibited by GLP1 receptor activation (Drucker et al. 1986 , Fehmann & Habener 1992 and even stimulates cell growth (Stoffers et al. 2000) , which raise the issue of whether activation of the GLP1 receptor pathway might have positive (i.e. restoration of the functional b cell mass) or negative (i.e. inducing proliferation of premalignant lesions) effects when chronically used for the treatment of type 2 diabetes.
GLP1: a foe
The main tissues where concerns around the trophic effects of GLP1 and its potential carcinogenic properties have been raised in the clinical development plans of both the GLP1 receptor agonists and DPP4 inhibitors are pancreas and thyroid.
Pancreas
There have been reports suggesting that both treatment with exenatide (also known as Exendin-4; Denker & Dimarco 2006 , Cure et al. 2008 , Tripathy et al. 2008 and liraglutide (Buse et al. 2009 ), the most commonly used GLP1 receptor agonists, is associated with an increased risk of pancreatitis. As chronic pancreatitis is also a known risk factor for pancreatic cancer through cytotoxicity of inflammatory cytokines, reactive oxygen species and proliferation (Jura et al. 2005 , Rebours et al. 2009 ), there might thus be an increased risk of pancreatic cancer, a condition with an often fatal prognosis.
Evaluation of the U.S. Food and Drug Administration (FDA) adverse event database (AERS) in 2011 by Elashoff et al. (2011) showed a six-to 10-fold increase in pancreatitis in patients treated with the DPP4 inhibitor sitagliptin (131 events) and GLP1 receptor agonist exenatide (971 events) respectively in comparison with patients treated with the control drugs rosiglitazone, nateglinide, reparglinide, and glipizide (43 events). The reported event rate for pancreatic cancer was 2.9 times higher for exenatide (81 events) and 2.7 times greater for sitagliptin (16 events), compared with control therapies (13 events). The absolute numbers of these events are of course very small, compared with the vast number of patients included in the database between 2004 and 2009.
In the German adverse event database, reporting of pancreatic cancer was also unusually high in association with exenatide (11 cases in 4 years, with yearly 15 000-25 000 treated patients), but there was no significant increase for the DPP4 inhibitors (Arzneimittelkommission der deutschen Ä rzteschaft 2011). The mean treatment duration with exenatide in the German patients who developed pancreas carcinoma was only 12 months (range 2-33 months). This seems too short to induce new tumor development, given the observed 10-year interval between tumor induction, growth, and clinical diagnosis (Yachida et al. 2010 ). However, it is possible that chronic pancreatitis and premalignant PanIN lesions could be subject to GLP1 stimulation, and progression to malignancy.
Koehler & Drucker have studied the effect of GLP1 activation on the growth and survival of human pancreatic adenocarcinoma cells in short-term studies in vitro and longer term experiments in mice in vivo. They proved that the human pancreatic cancer cell lines of both the pancreatic ductal adenocarcinoma (CAPAN-1, CFPAC-1, and PL45) and the carcinoma (Hs 7766T) cell lines express the GLP1 receptor. However, there are differences in GLP1 receptor dependent activation of ERK1/2 and cAMP, indicating that there may be a difference in relative level of GLP1 receptor expression on the surface of the different cell types studied (Koehler & Drucker 2006) . As the ERK1/2 and to a lesser extent cAMP pathways are known to be involved in functions including the regulation of meiosis and mitosis and as they are also activated by carcinogens, the question raised is whether GLP1 receptor agonist might have pro-oncogenic characteristics. But findings have been inconsistent. Korner et al. (2007) were unable to detect GLP1 receptors in 21 human pancreatic adenocarcinomas with the use of receptor autoradiography. Therefore GLP1 receptor expression in these tumors may be restricted to cell lines and may not be relevant in humans in vivo. In experiments conducted by Koehler & Drucker (2006) , exenatide did not modulate the growth rate of pancreatic cancer cell lines expressing the GLP1 receptor, nor did it rescue GLP1 receptorexpressing pancreatic cancer cells from drug-induced cell death. In addition, sustained GLP1 receptor activation by exenatide did not promote the progression of pancreatic tumor development or growth in mice.
As noted above, the increased incidence of pancreatic cancer might be indirect through the observed increase in pancreatitis. Putative mechanisms to explain this increased incidence of pancreatitis is that incretins might facilitate gallstone formation because they prolong gastric emptying and thus increase the contractility of the sphincter of Oddi, which hinders the drainage of bile acids and pancreatic enzymes. In addition, GLP1 receptor agonist induces weight loss that is known to promote the formation of gallstones, though the weight loss achieved seems rather insufficient to really have an impact on lithiasis (Imeryuz et al. 1997) .
From in vitro data, other mechanisms to explain a link between incretin-based therapy and pancreatitis have emerged. Sitagliptin, a DPP4 inhibitor, was found to increase ductal proliferation of the exocrine pancreas in rats, with ductal metaplasia in some animals and one case of pancreatitis (Matveyenko et al. 2009 ). Exenatide, the most studied GLP1 receptor agonist, has also been shown to promote pancreatic duct hyperplasia in rats (Nachnani et al. 2010) . Ductal proliferation and metaplasia are wellestablished features of human pancreatitis and risk factors for pancreatic cancer (Jura et al. 2005 , Rebours et al. 2009 ).
Animal data have been relatively reassuring up until now, although they do not allow to completely eliminate doubt. Nyborg et al. (2012) conducted a study to investigate whether long-term treatment with liraglutide, a once-daily GLP1 analogue, induces pancreatitis or preneoplastic lesions in pancreata of mice, rats, and nonhuman primates. They found that three out of 79 mice in the male control group and five out of 280 male mice in different dose treatment groups developed pancreatitis. In the female control group none of the 79 examined mice had microscopic signs of pancreatitis, but 12 out of 275 of the treated animals did. None of the 399 rats developed pancreatitis, nor any treatment-related effects concerning islet cell hyperplasia or benign adenomas after 2 years of treatment with liraglutide. There were no histological signs of pancreatitis in nonhuman primates after 52 weeks of treatment. However, after 87 weeks focal inflammatory cell infiltration in the pancreas was seen in three out of five animals of the high dose group. There were no signs of proliferative or preneoplastic lesions in nonhuman primates, even after 87 weeks of treatment. In the mice treated for 104 weeks with high dose liraglutide, equivalent to 36-fold higher than the maximal recommended dose in humans, more findings of diffuse edema, inflammatory cell infiltration and vacuolation were seen, but the numbers were not statistically significant. The conclusion of the authors is that although these data are derived from nondiabetic animals, simple pharmacological induction of pancreatitis by GLP1 receptor agonists seems unlikely (Nyborg et al. 2012) .
In this context, it is important to keep in mind that all patients with type 2 diabetes and/or obesity have greater risk on pancreatitis than nondiabetic patients (Girman et al. 2010) , possibly through increased frequency of pancreatic duct replication (Jura et al. 2005 , Butler et al. 2010 . Therefore, assessing the contribution of GLP1 receptor activation on the development of pancreatitis in diabetic patients might be compromised. Moreover, there have been reports stating that the incidence of pancreatitis for exenatide in GLP1 receptor agonist-treated patients did not differ from that of a background population suffering from type 2 diabetes (Garg et al. 2010 , Dore et al. 2011 . The question on a putative link between the increased incidence of pancreatitis and pancreatic adenocarcinoma and the use of GLP1 receptor agonists thus remains unanswered. Moreover, increased awareness for detecting (biochemical) pancreatitis and, as for all new drugs, important reporting bias might be present.
Thyroid
It has been observed in preclinical studies that the incidence of thyroid C-cell tumors was increased in rodents treated with GLP1 analogues (http://www.fda. gov/downloads/Advisory-Committees/Committees% 20MeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM151129.pdf; accessed 12 April 2012, Bjerre Knudsen et al. 2010) . Therefore, monitoring for thyroid cancer has been a focus in the clinical development plan of all DPP4 inhibitors and GLP1 receptor agonists, but this far the data have been reassuring.
There are several factors that could explain the discrepancy between preclinical and clinical data.
First of all, GLP1 receptor expression on thyroid C-cells is known to be species specific and observation in rodents might thus not have relevance in humans. In mouse and rat thyroid gland C-cells, GLP1 receptor densities were 22-and 45-fold higher than that reported for humans and cynomolgus monkeys respectively (Bjerre Knudsen et al. 2010 , Waser et al. 2011 . However, the contention that normal human thyroid tissue does not express the GLP1 receptor has been challenged recently. Gier et al. (2012) demonstrated that GLP1 receptors were expressed in thyroid tissue of controls (5/15 cases) and in thyroids of patients with C-cell hyperplasia (9/9 cases), papillary carcinoma (3/15 cases), and medullary carcinoma (11/12). Available data on the presence GLP1 receptor in different species and tissues are given in Table 1 .
It comes as no surprise that in view of the difference in receptor density, the cell response to GLP1 receptor activation is also species specific. Monkey's thyroid C-cells do not exhibit a proliferative response to the GLP1 agonist liraglutide not even at an exposure up to 60-fold that of the maximum recommended human dose (Bjerre Knudsen et al. 2010) . In contrast, in rats and mice long-term liraglutide administration up to 104 weeks, causes C-cell hyperplasia and C-cell tumor formationin in a dose-dependent manner (Bjerre Knudsen et al. 2010) . With exenatide, a higher incidence of C-cell lesions was observed in female rats, but none of the animals developed a carcinoma (Bjerre Knudsen et al. 2010) . The relevance of the latter observation remains a matter of debate (Table 2) .
Data gained from several prospective clinical studies, showed no increased calcitonin levels under therapy with GLP1 receptor agonists in patients with diabetes mellitus type 2 (Bjerre Knudsen et al. 2010, Hegedus et al. 2011) . In contrast, in mice and rats, liraglutide, as well as native GLP1, exenatide, taspoglutide, and lixisenatide, potently activated the GLP1 receptor in rat thyroid C-cells and stimulate calcitonin release in a dose-dependent manner, followed by increased calcitonin gene expression (Bjerre Knudsen et al. 2010) . So once again, the preclinical observations cannot simply be translated to the clinic. Consequently, the FDA neither recommends monitoring of calcitonin levels (Parks & Rosebraugh 2010) , nor it recommends performing ultrasound imaging as screening tool in patients with incretinbased therapies. Nonetheless, the preclinical finding that the incidence of an extremely rare cancer is increased should raise our guards. In the AERS database incidence rate of thyroid cancer in patients treated with exenatide was clearly higher -with an odds ratio 4.7 (30 events), www.endocrinology-journals.org F82 compared with sitagliptin (two events) and the panel of control drugs (three events) (Elashoff et al. 2011 ). However, a second reason complicating the interpretation of the link between animal and clinical data, is the fact that the AERS does not differentiate between different types of thyroid cancer. A rise in total number of thyroid cancer may be attributed to promoting GLP1 receptor positive papillary carcinoma, more than through the extremely rare medullary thyroid carcinoma (Gier et al. 2012) . In view of the relatively short time of the studies, as with pancreatic cancer, it seems more likely that small premalignant lesions are stimulated to grow, rather than new lesions are induced. Consequently, it seems dangerous to treat patients with a possible proliferative agent if they are suspected or known to have such a premalignant lesions. In patients with a known activating RET mutation C-cell hyperplasia is considered to be carcinoma in situ, and thus these patients should be regarded as a high-risk group. The relevance for sporadic C-cell hyperplasia still remains unclear (Livolsi & Feind 1979) . Recently, the group of Madsen et al. (2012) reported that liraglutide binding to the GLP1 receptor on C cells leading tot C-cell hyperplasia in wild type mice does not lead to RET kinase activation, but rather mTOR activation, which is reassuring to a certain extent as activation of this RET pathway is known to be pro-oncogenic. A third convoluting factor is that rats develop spontaneous C-cell lesions at a high frequency while in humans C-cell neoplasia is extremely rare (Roman et al. 2006) .
The FDA obligation to monitor the annual incidence of medullary thyroid cancer (MTC) the first 15 years after approval of some of the GLP1 receptor agonists, might bring more clarity in the relevance of the preclinical safety signals in treated patients.
In conclusion, even though MTC is extremely rare, and the doses of liraglutide given to the rodents in the preclinical studies were higher than the maximal doses used in human patients (Bjerre Knudsen et al. 2010) , the only practical guideline so far is that incretin-based therapy is contraindicated in patients with a personal or family history of medullary thyroid carcinoma or multiple endocrine neoplasia type 2.
GLP1: a loving friend?
Much in contrast with the description in last paragraph, GLP1 receptor activation is believed to inhibit tumor growth in two common cancers: colon and breast.
Colon
The prevalence of colon cancer is higher in patients with type 2 diabetes, which is possibly related to a prolonged state of hyperinsulinemia. It has been hypothesized that insulin might promote cancer growth through activation of the insulin receptor (Tran et al. 1996) . As GLP1 receptor activation enhances insulin secretion from the b cell it might thus be expected that the increased insulin concentration might have a tumor-promoting effects. In this respect, one should also take into account that colon cancer cells express the GLP1 receptor, though this differs between cell lines.
Koehler et al. showed that the CT26 murine colon cancer cell line expresses an endogenous functional GLP1 receptor, but the adenocarcinoma cell lines DLD-1, SW480, CaCo2, HT29, and the normal colon cell line 18Co do not express the GLP1 receptor. Subsequently, they assessed the effect of GLP1 receptor agonists on cell differentiation and death. In vitro, exposure to exenatide induces morphological changes in CT26 cells. Exenatide inhibits proliferation and induces apoptosis of the cells. It also reduces colony formation in soft agar and even enhances irinotecan-induced apoptosis.
In vivo, these effects were confirmed as exenatide induced apoptosis of CT26 cells implanted into flanks of mice, but this did not affect tumor weight (Koehler et al. 2011) .
To complicate things further, one should mention the potential carcinogenic potential of GLP2, which is known to be an important regulator of small and large intestine growth through cell proliferation (Drucker et al. 1996) . GLP2 is structurally related to GLP1, but acts through a different receptor, for which GLP1 in turn has very little affinity (Munroe et al. 1999) . Data on whether GLP2 modifies the growth or survival of murine or human intestinal tumor cells remain contradictory (Thulesen et al. 2004 , Koehler et al. 2008 . Continuous infusion of GLP1 did produce hyperplasia in the small intestine in rats, albeit significantly less than when GLP2 was infused (Ghatei et al. 2001) .
As DPP4 inhibitors inhibit cleavage of both GLP1 and GLP2, they might thus create an extra intestinotrophic signal (Hartmann et al. 2000) , which might increase the risk of promoting an already existing intestinal tumors (Masur et al. 2006) .
So some elements seem to suggest that incretin treatment might promote tumor growth, while other point toward a role in tumor control and apoptosis. So far clinical data have not been able to establish whether increased concentrations of incretins should be Endocrine-Related Cancer (2012) 19 F77-F88 www.endocrinology-journals.org F83 considered as a friend or a foe in the context of intestinal tumors, but both are theoretically possible. Therefore further data should be gathered to further assess the carcinogenic, cancer promoting, or tumortoxic potential of the incretin-based therapies.
Breast
At this time, only Ligumsky et al. (2012) have published specific data on the relation between GLP1 receptor agonists and breast cancer.
In vitro, they noted that exposure to exenatide significantly reduces the number of colonies formed by MCF-7 (estrogen-receptor-positive) and MDA-MB-231 (estrogen-receptor-negative) cells, whereas noncancerous HB2 cell were not affected. When MDA-MB-468 cells were injected to the flanks of nude mice, a dose-dependent reduction of tumor weight was observed in the mice treated with intraperitoneal exenatide. Exenatide induces p38 activation, which is usually related to growth inhibition or apoptosis and might thus explain the effects above observed (Xia et al. 1995) .
Furthermore, doxorubicine and paclitaxel toxicity toward MCF-7 cells was enhanced in the presence of exenatide, indicating a chemotherapy sensitizing effect.
Of note is that exenatide induces an increase of cAMP and that its growth inhibitory effect is absent when adenylate cyclase is inhibited. The rise in cAMP is even more surprising given that the classic GLP1 receptor could neither be detected in breast cancer cells, nor in nontumorigenic mammary cells. The observed actions might be mediated through an alternative receptor that has not been identified yet. More daunting is that infection of MCF-7 cells with the pancreatic GLP1 receptor increases their proliferation and enhances activation of growth-promoting signaling pathways. Thus, once again, it remains unclear what the exact effect of prolonged exposure to elevated incretin levels will be in normal and tumorous breast tissue alike.
Other tissues
As GLP1 receptors are expressed in a wide range of tissues, including stomach, nervous system, pituitary, heart, lung, and kidney (Bullock et al. 1996) , concerns about the possible proliferative effects of GLP1 receptor activation persist.
With the use of receptor autoradiography, the GLP1 receptor was located in various endocrine tumors, with particularly high amounts in pheochromocytomas, paragangliomas, and MTC, as well as in brain tumors (meningioma, astrocytoma, and ependymoma) and embryonic tumors. Most proliferative tissues, including pancreas adenocarcinoma, colorectal adenocarcinoma, breast carcinoma, and lymphomas, do not show expression of the GLP1 receptor, in imaging studies. A few of the tested ovarian and prostate carcinoma cases seemed GLP1 receptor positive (Korner et al. 2007 ). To our knowledge, no data exist on incidence of these malignancies during or after treatment with incretin-based therapies.
Caveats
When reviewing the limited data that are available so far, there are several impediments.
First, obesity and diabetes increase the incidence of a wide range of cancers, including tumors of the breast, pancreas, and colon (Giovannucci et al. 2010 ). So caution is warranted when interpreting the epidemiological data available for treatment with incretin-based therapies that are specifically used in this already highrisk population.
Second, the use of other antidiabetic drugs is a potential confounder when assessing the effect of incretin-based treatment strategies. As patients may take a mixture of several drugs and drug doses as well as regimens are frequently changed or combined, the analysis and searching for the culprit is difficult. Metformin, for example, which is frequently combined with incretin mimetics, is associated with a decreased cancer risk (Evans et al. 2005) , and decreased mortality in cancer patients (Gallagher & LeRoith 2011) . Sulfonylurea on the other hand, might increase risk for pancreatitis (Blomgren et al. 2002) and solid tumors (Currie et al. 2009 ).
Third, there are several specific limitations to the use of an adverse event reporting databases, which are virtually the only clinical data available for GLP1 receptor agonists at this time. Incomplete patient characteristics (i.e. medical history, drug history, compliance, and comorbidities) and reporting bias dependent on media attention are the most important of those limitations. Long-term follow-up data, obtained in long-term prospective randomized trials, are needed to disentangle the knot. Hopefully they will emerge from studies on monitoring for cardiovascular safety that are currently ongoing (Drucker & Goldfine 2011) .
Finally, there are noticeable differences between the GLP1 receptor agonists and DPP4 inhibitors from both pharmacokinetic and dynamic standpoints. Namely the receptor agonists induce a prolonged and elevated activation of the downstream pathways. The DPP4 inhibitors on the other hand, only induce a temporary augmented GLP1R stimulation postprandially, when endogenous incretins, and thus not only GLP1, are secreted. In addition, DPP4 inhibition might lead to impaired immune function and increased risk for cancers through immunomodulatory of target effects (Havre et al. 2008 , Matteucci & Giampietro 2009 ).
Conclusions
Incretin-based therapies, both GLP1 agonists and DPP4-inhibitors, are extremely potent and effective antidiabetic agents. They have quickly made their way into the treatment paradigm of type 2 diabetes as they have an impressive safety profile and are not associated with weight increase and hypoglycemia, which often hinder the use of existing hypoglycemic agents. Nonetheless, as with any new chronic pharmacotherapy, caution is warranted. Analyses of adverse events databases suggest higher incidences of pancreatic and medullary thyroid carcinoma in patients treated with DPP4 inhibitors and GLP1 agonists. It is noteworthy that this is more likely due to stimulation of premalignant lesions, rather than induction of new neoplasms considering the relatively short duration of exposure. On the other hand, there are some promising reports of beneficial effects on colon and breast cancer, but these findings largely emanate from in vitro and animal studies and need to be confirmed in vivo.
For now the benefits of incretin-based pharmacotherapy in patients suffering from type 2 diabetes far outweigh the scarce reports on their putative carcinogenic properties.
Nonetheless, it the absence of long-term follow-up data in humans, they remain contraindicated in patients with a personal or family history of MTC or multiple endocrine neoplasia type 2.
Take home messages 1. GLP1 receptor agonists and DPP4 inhibitors are appealing therapies in patients with type 2 diabetes, as they improve glycemic control without hypoglycemia or weight gain, and even induce weight loss. 2. Safety signals regarding thyroid and pancreas neoplasms have emerged from preclinical studies in rodents, but these findings have not been confirmed in humans. As with all new pharmacotherapies, caution is warranted but up until now the data do not justify screening for those or other malignancies in patients treated with incretinbased therapies.
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